Condyle displacement associated with premolar
extraction and nonextraction orthodontic treatment of

Class I malocclusion
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This study assessed condyle position change with premolar extraction and nonextraction orthodon-
tic treatment in Class | malocclusions. Axially corrected pretreatment and posttreatment tomograms
were obtained in 22 extraction and 13 nonextraction cases. Tomographic images were randomized
and blinded for joint space measurement. A total of 27 linear anterior, superior, and posterior joint
spaces were obtained from each tomogram and averaged. Comparisons of pretreatment and
posttreatment joint spaces between groups were done by t test (pool variance estimate) with p <
0.05. Left and right anterior joint spaces were significantly increased during orthodontic treatment
of the nonextraction group. No other significant changes in condyle position were determined in
either group. There were no significant correlations between mean joint space changes with length
of Class Il elastic wear. There was no significant difference in condyle position change with
extraction space closure using closing arch wires compared with alastic chain. (Am J Orthod

Dentofac Orthop 1997;112:435-40.)

Bemolar extraction to facilitate orthodon-
tic treatment is a common but controversial proce-
dure. O’Connor’ reported that extraction rate has
declined from a mean of 38% in 1988 to 29% in
1992. Claims that extraction of teeth may be dele-
terious to the health of the temporomandibular joint
(or medicolegal implications thereof) had a consid-
erable influence on the decline, with 26% of orth-
odontists being influenced, to some extent, because
of this factor.* The majority of respondents believe
that a routine link between premolar extraction and
subsequent development of temporomandibular dis-
orders (TMDs) does not exist, but believe that such
a link may occasionally exist. In an extensive review
of the literature up to 1988, Reynders? found that
publications supporting a causative link were either
viewpoint articles or case reports that have little or
no real value beyond generating new ideas and
hypotheses. Retrospective sample studies*® and lon-
gitudinal sample studies® ! have consistently failed
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to demonstrate a causative link between orthodontic
treatment (including premolar extraction) and
TMD.

Although scientific literature does not support a
causative relationship between orthodontics and
TMD, no orthodontic treatment should be under-
taken in isolation without considering its possible
effect on the temporomandibular joint. To have a
direct effect on the anatomy of the temporomandib-
ular joint, there would need to be a change in
anatomic relationships, direction of loading, or mag-
nitude of loading. Opponents of premolar extraction
have claimed that extraction results in a decrease in
vertical dimension of occlusion. As the mandible is
allowed to overclose, the muscles are foreshortened,
resulting in TMD.!#13 Although widely stated, no
controlled published studies support this hypothesis.
Staggers'* compared vertical dimension changes in
45 Class I nonextraction and 38 Class I premolar
extraction cases. On average, orthodontic treatment
produced a net increase in vertical dimension with
no significant difference between extraction and
nonextraction groups.

A second hypothesis was that premolar extrac-
tion with incisor retraction leads to posterior con-
dyle displacement.'>!> The concept that posterior
condyle position leads to internal derangement was
popularized by Farrar and McCarty.'® Research has
however shown that condyle position is variable in
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both symptomatic and asymptomatic populations
and does not accurately predict articular disk posi-
tion.'”® Although posterior condyle position is not
diagnostic, symptomatic populations more fre-
quently have a posterior condyle position.”” The
unresolved issue is whether condyle position shifts in
response to joint abnormality or whether posterior
condyle position predisposes internal derangement.

Several studies have evaluated changes in con-
dyle position with premolar extraction. Luecke and
Johnston® did not identify a difference in condyle
position, by use of cephalometric landmarks, be-
tween Class II Div I cases treated with growth
modification and cases treated with maxillary pre-
molar extractions. They concluded that changes in
condyle position were not correlated with incisor
retraction. Artun et al.'! also compared Class II Div
I cases treated with and without premolar extrac-
tion. Using sagittal corrected tomograms to identify
condyle position after orthodontic treatment, they
concluded that extraction of premolars did not
result in posterior condyle position. Unfortunately
they did not have pretreatment tomograms and
therefore could not rule out the possibility that some
patients acquired a more posterior condyle position
during treatment. They also noted an apparent
association between joint sounds and posterior con-
dyle position. Gianelly et al.** compared post treat-
ment condyle position in Class II malocclusions
treated with maxillary first premolar extraction to
pretreatment tomograms of a matched control sam-
ple. Condylar position was essentially the same for
both groups. In another study Gianelly et al.*!
compared post treatment tomograms between a
premolar extraction sample with mixed Class I,
Class II Div I, and Class II Div II malocclusions to
a matched nonextraction sample. They concluded
that premolar extraction was not associated with
posteriorly positioned condyles.

Standardized pretreatment and posttreatment
temporomandibular joint radiographs should be uti-
lized to truly assess the effect of orthodontic treat-
ment on condyle position. As Tallents et al.* stated,
“to make an assumption that a condyle has been
forced distally as a result of therapy, without appro-
priate pretreatment documentation, is untenable.”
A review of the literature concerning effects of
premolar extraction on condyle position revealed no
articles reporting the use of standardized pretreat-
ment and posttreatment temporomandibular joint
radiographs for each subject.

The purpose of this study was to determine the
effect of premolar extraction versus nonextraction
orthodontic treatment on condyle position in Class I
malocclusions by utilizing pretreatment and post-
treatment temporomandibular joint tomograms for
cach patient.
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MATERIALS AND METHODS

The sample for this retrospective study was selected
from the orthodontic private practice of the principle
investigator. All available cases that met the following
selection criteria were included:

1. Class I skeletal and dental pattern.

2 Axially corrected pretreatment and posttreatment
tomograms were available.

3. No clinical evidence of temporomandibular disor-
ders using the Craniomandibular Index.?

4. Centric relation to centric occlusion shift less than
0.5 mm.

All patients were treated with fixed edgewise ortho-
dontics including second molar banding. All 22 patients in
the extraction group had extraction of four premolars.
Maxillary space closure was completed with “L loop”
0.018 x 0.025 SS closing arch wires in 13 cases and with
alastic c-chain on 0.019 X 0.025 SS wire in nine cases.
Mandibular extraction spaces were closed with alastic
c-chains in all cases. The nonextraction sample included
13 cases. Class II elastics were used in extraction and
nonextraction cases as necessary to improve intercuspa-
tion. All cases were finished with 0.019 X 0.025 SS
archwires. The average length of orthodontic treatment
was 25 months for extraction and 21 months for nonex-
traction groups.

Pretreatment and posttreatment tomographic surveys
were obtained with a Tomax machine (Incubation Indus-
tries, Inc.) using multidirectional motion. Before tomog-
raphy, the mediolateral long axis and center of each
condyle was determined from a submentovertex projec-
tion. Three 2 mm thick corrected-view tomographic slices
in the sagittal plane, perpendicular to the mediolateral
axis of the right and left condyles, were obtained for each
patient postured in maximum intercuspation.

During imaging, static head position was maintained
with a cephalostat such that the ala-tragus line was
horizontal and parallel to the superior film margin. Pre-
treatment tomograms were taken within 1 month before
initiation of orthodontic treatment, and posttreatment
tomograms were taken at the initiation of retention. Fig. 1
shows a tomogram representative of those used in this
study.

Tomographic images were coded to allow randomiza-
tion and blinding of joint space measurements. Each
image was traced on separate days and in random order,
three times onto acetate overlays with a 0.3 mm diameter
lead pencil. All acetate tracings were photocopied three
times onto paper hard copies before drafting of reference
planes. The horizontal reference plane defined by the
superior glenoid fossa tangent, parallel to the superior
film border, was assumed parallel to Frankfort horizontal.
A line drawn perpendicular to the horizontal tangent line
was used to divide the joint space into anterior and
posterior halves. Anterior and posterior condylar tangent
lines were drawn to intersect with the perpendicular line.
Lines perpendicular to the condylar tangent lines were
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Fig. 1. A representative tomogram.
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Fig. 2. Drafting on medial, central, and lateral tomographic acetate tracings of each joint.
A, Pencil tracing (0.3 mm lead) on acetate overlay; B, reference plane defined by tangent
to glenoid fossa; C, anterior and posterior condylar tangents defined by intersection at
superior fossa; and D, linear measurement perpendicular to tangential intersections.

used to measure joint space width. Linear joint spaces
were defined as posterior, superior, and anterior (Fig. 2).
Joint spaces were randomly measured three times on each
photocopy by use of Mitutoyo (Mitutoyo Canada, Inc.)
digital read out calipers capable of displaying 0.01 milli-
meter. A total of 27 measurements of the anterior,
superior, and posterior joint spaces were obtained from
each tomogram and averaged.

Descriptive statistics were determined for each group
of subjects for age, gender, length of treatment, and
duration of Class II elastic wear. Comparisons of pretreat-
ment and posttreatment joint spaces between groups were
done by ¢ test (pooled variance estimate) at p < 0.05.
Correlations between mean differences in pretrearment
and postreatment joint spaces and length of elastic wear
were also determined.
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Table L. Sample distribution

Meanjage
Group N | Male | Female (range)

Months of
Class II elastic wear

Extraction 22 12 10 17.1 (14-34) 5.03 +4.23
Nonextraction 13 4 9 18.7 (14-33) 315 +3.15
Table II. Anterior joint space (mm)
Pretreatment Posttreatment
Group Mean SD Mean SD
Extraction
Left 2.17 0.88 231 0.87
Right 1.89 0.75 2.10 0.85
Nonextraction
Left 1.83 0.69 2.32 0.88
Right 2.01 0.88 2.40 1.09
Table IIl. Superior joint space (mm)
Pretreatment Posttreatment
Group Mean SD Mean SD
Extraction
Left 3.34 1.15 322 1.11
Right 331 1.29 321 1.10
Nonextraction
Left 3.12 0.78 312 0.97
Right 3.39 0.72 3.63 0.73
RESULTS

Pretreatment and posttreatment mean joint
space measurements for extraction and nonextrac-
tion groups are reported (Tables II through IV).
Pretreatment joint spaces were not significantly
different between groups. Posttreatment joint
spaces were also not significantly different be-
tween groups.

Left and right anterior joint space was signif-
icantly increased during orthodontic treatment of
the nonextraction group. No other significant
changes in condyle position were determined in
either group.

There were no significant correlations between
mean change in joint space before and after treat-
ment with the length of elastic wear for the extrac-
tion group, nonextraction group, and the combined
groups. There was no significant difference in con-
dyle position change associated with space closure
with closing arch wires compared with space closure
with elastic chain on rectangular wire.
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Table IV, Posterior joint space (mm)

Pretreatment Posttreatment
Group Mean SD Mean SD
Extraction
Left 2.38 0.73 2.45 0.89
Right 2.56 0.98 2.51 0.89
Nonextraction
Left 2.41 0.78 2.49 0.77
Right 2.49 0.84 2.65 0.76
Table V. Mean change in joint space
Anterior Superior Posterior
Group Mean SD Mean SD Mean SD
Extraction
Left 0.13 094 —-021 095 007 091
Right 0.21 072 -010 100 005 097
Nonextraction
Left 049* 074 -0.01 081 0.08  0.89
Right 0.39* 0.77 024  0.77 016  0.87

*Significant at p < 0.05.

DISCUSSION

The etiology of temporomandibular disorders
and, in particular, internal derangement is poorly
understood and controversial. Literature generally
supports an increased frequency of posterior con-
dyle displacement in patients with internal derange-
ment, but joint space analysis is not a valid predictor
of disk position.'”*® With the relatively high cross-
patient variability in osseous spatial relationships in
adult populations, many researchers and clinicians
consider condyle position an issue of minor impor-
tance. Until longitudinal studies of asymptomatic
patients are conducted, the importance of condyle
position in the pathogenesis of joint disorders will
remain unknown. The hypothesis that condylar
retrusion represents a risk factor, through altered
biomechanics or impingement of the bilaminar zone
that maintains blood flow and nutrition in the joint,
is still an important consideration. Until research
identifies the level of risk (if any), it is prudent for
orthodontists to identify the treatment modalities
that result in condyle displacement.

To our knowledge, this is the first study utilizing
pretreatment and posttreatment corrected tomo-
grams to assess condyle displacement during routine
orthodontic treatment. All previous studies com-
pared joint space measurements or joint space ratios
taken after treatment with a separate control sam-
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ple. Individual variability in condyle position is
well-documented in the literature and necessitates
large sample sizes for comparing average condyle
positions between study groups. Using pretreatment
and posttreatment joint space measurements on the
same patient population in this study allows a more
sensitive assessment of condyle displacement. A
similar approach has been utilized to assess condyle
position changes associated with orthognathic sur-
gery. 24?7

Direct comparison of condyle position with pre-
treatment and posttreatment tomograms does have
limitations. The Tomax machine utilized in this
study uses hypocycloidal motion with excellent im-
age clarity. Head position was controlled with a
cephalostat. The same machine settings for tomo-
graph depth of cut and slice angulation were used to
obtain pretreatment and posttreatment radiographs.
A central tomographic slice was utilized to minimize
the effect of condyle rotation around a vertical axis
on joint space measurements. Unfortunately repro-
ducibility of joint space measurement on repeated
exposures of the same person is not known. Varia-
tions in head position within the cephalostat will, at
least to some degree, affect depth of cut and slice
angulation. The literature suggests that head rota-
tion within a cephalostat greater than five degrees is
clinically detectable and can be controlled.”® Kamel-
chuk and Major®® have reported that 10-degree
rotation about the transverse plane does not affect
joint space measurements. For this reason, possible
variations in head position likely did not affect our
results. The effect of head position on depth of cut
is not known. Joint space dimensions are not
consistent in the lateral, central, and medial por-
tions of the joint*® and therefore variation in
depth of cut may affect reproducibility. The mean
age for this sample was 17 to 18 years, with some
patients still completing growth. The effect of
growth on condyle position has not been reported.
Notwithstanding these limitations utilization of
pretreatment and posttreatment images in this
study to assess condyle displacement is superior to
previous studies.

To isolate the specific effect of premolar extrac-
tion in orthodontic treatment on condyle displace-
ment, the number of treatment variables were re-
duced. All cases were asymptomatic, Class I skeletal
and dental malocclusions with minimal functional
centric relation to centric occlusion shift. Treatment
mechanics were limited to two techniques for space
closure. Previous studies utilized largely Class II
samples or mixed Class II and Class I samples. A
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variety of mechanics by a number of different oper-
ators were also used in previous studies, reducing
the value of their findings.

This study found a significant increase in ante-
rior joint space dimension in nonextraction cases
and no joint space change in extraction cases.

Because posterior joint space was not affected, it
is unlikely that increased joint space in the nonex-
traction sample was caused by anterior condyle
movement. Anterior joint space could be altered
independent of posterior joint space if the condyle
was rotated as a result of a change in vertical
dimension of occlusion. Staggers'* however re-
ported no significant difference in the amount of
vertical dimension change in extraction versus non-
extraction treatment. Anterior joint space is also
potentially affected by articular surface remodelling
of both the condyle and articular eminence. This
would imply different adaptive response to joint
loading between extraction and nonextraction ortho-
dontic treatment. Although statistically significant, a
mean increase in joint space of approximately 0.39
to 0.49 mm is not likely clinically significant. The
temporomandibular joints are capable of adaptive
remodelling, and condyle displacements of similar
magnitudes have been identified during static
clenching.*® Orthodontic treatment induces a con-
tinual series of neuromuscular and/or skeletal adap-
tive changes. Only if the adaptive threshold is ex-
ceeded will the patient develop dysfunction.

Sample size available for this study was small
and caution should be exercised in interpreting the
results. Additional studies utilizing larger samples
are needed to further evaluate the effect of ortho-
dontic treatment mechanics on temporomandibular
joint anatomic relationships.

CONCLUSION

Nonextraction fixed orthodontic treatment of Class I
malocclusion resulted in a small but statistically significant
increase in anterior joint space. Premolar extraction and
fixed orthodontic treatment of Class I malocclusion did
not result in a significant change in condyle position.
Length of elastic wear was not correlated with condyle
position change.

We thank Drs. E. Diduch, V. McMullen, and J. Field
for their assistance.
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